Today, it is common for trains to incorporate autonomous positioning systems based on geo-location technologies similar to those used on road transportation. These positioning systems represent a cost effective solution for railway companies operating in not evolved regions. Furthermore, these positioning systems can enhance the reliability of positioning systems based on the occupation of the tracks (which are most used in the most developed regions). Autonomous positioning systems calculate the position of the train, but the position has to be sent from the train to the control center. GPRS/3G mobile technologies and WiFi radio technologies are the most common technologies for transmitting the position to the control centers. These technologies do not guarantee 100% coverage in certain areas such as tunnels or mountainous regions. This paper presents the results of the tests on an autonomous positioning system to add a new communications technology in order to increase its coverage. This technology is TETRA, which is a radio technology that has been traditionally used for voice transmission, but it can be a good complement to GPRS/3G when there is no coverage.
INTRODUCTION
Train positioning systems are a key element to ensure the safety of the rail system. Most positioning systems are based on electronic devices that are installed on the tracks. These positioning systems are very robust and reliable, but when they stop working, security levels are significantly reduced. In these situations the position of trains is done manually by live-voice communication between drivers and control centers. For this reason, in recent years, there have been many initiatives to develop backup positioning systems, in which the train becomes the protagonist (Jiang et. al., 2010) (BaiGen et. al., 2011) . These positioning systems calculate the position of the trains by means of different position sources: GPS, MEMS gyroscope, maps, ATP, odometer, etc. Once the position is calculated, it is sent to the control center using a wireless communications network, usually GPRS or 3G. The main limitations of these systems are the coverage of mobile communications (tunnels, overgrown or isolated areas, etc.), and the cost of the communications (usually communications network belongs to a private operator). To tackle this limitation, this paper presents the results of tests performed with a train positioning system in order to improve reliability. The tests were focused on evaluating the improvement achieved by incorporating the TETRA as a backup channel in situations where there is no GPRS/3G coverage.
The paper is organized in 5 sections: Section 2 details the potential of TETRA technology for transmitting position information in the railways. Section 3 explains the underlying details of the positioning system and communications architecture to send the position from the trains to the control center. Section 4 shows the results of the tests; and finally, the paper concludes with Section 5 which details the conclusions and future lines of work. High spectrum efficiency with short bandwidth that allows creating private workgroups of users and high quality of services, for example at voice communications.
TERRESTRIAL TRUNKED RADIO FOR DATA TRANSMISSION
It can be used on all frequencies below 1000 MHz frequency bands for Private Mobile Radio (PMR) and public safety applications are assigned on a national basis.
In the railway context it offers encrypted and high-quality communications in noisy environments and whatever the signal conditions, providing up to 28Kbps bit rate.
It is a mature technology with several suppliers of terminals. At the beginning, TETRA was deployed to satisfy the needs of the Private Mobile Radio (PMR), Public Access Mobile Radio (PAMR), Land Mobile Radio (LMR) and the public applications for security and protection corps, guard coast, fire-fighter's services and ambulances. But later developments at the standard allowed Package Data Optimized (PDO) transmission mode and Short Data Services (SDS) that is comparable with the Short Data Message (SMS) of GSM.
Package Data Optimized is used by modern systems to transmit voice message, electronic mail, data interchange, and so on. In this regard, Enhanced-PDO known as DAWS (Digital Advanced Wireless Services) provides a 2Mbps bit rate to be used in combination with UMTS in high mobility scenarios as Railroad Digital Networks (Wenlong, Haige and Hongjie, 2002) .
Short Data Services are transmitted over the control channel in a point-to-point or point-tomultipoint format without any reception acknowledgement. Two message formats are available:
Status messages that only with 16 bits can represent 65,535 messages.
User messages that use a variable package size from 16 to 2,047 bits. In Railroad Networks basic TETRA Short Data Service for polling and transmitting GPS position in Location Information Protocol (LIP) format can be easily used with a high reliability in different scenarios because SDS messages can be send between subscribers, between subscriber and dispatcher and subscriber and fixed host in the network. Moreover, SDS messages can be sending to individual subscribers or broadcasted on a number of base stations to all subscribers using that base station.
In the railroad applications TETRA works in PDO or SDS modes. These systems are connection oriented so the mobile node installed in the train requires first a connection to a specific Base Station to start the data transmission. As the train is a moving node, fast handover techniques are needed to maintain the node connected to the network. This process produces a delay in the communication that can break down the link and cause the failure of the data transmission (Palit, Bickerstaff, and Langmaid, 2009) . Moreover, railway networks may also suffer from the following problems caused by the handover applied techniques:
Handover to a wrong cell, which has the same main control channel frequency as a neighbour cell. The Mobile Station (MS) then loses all sensible neighbours as it gets information on neighbours to the "wrong" cell.
Cell dragging by an MS, where frequency reuse is reduced by interference of the transmitting MS with others that would otherwise be out of range.
POSITIONING SYSTEM ARCHITECTURE
Our positioning system ) is organized conceptually into two functional blocks:
(1) the positioning system itself, and (2) communications system. The positioning system is responsible for calculating the position, while the communications system sends the position from the train to the control center. Then the particularities of each are described.
Positioning System
Train positioning system is primary based on GPS data. This system is able to generate train positioning information applying a logical approximation algorithm for matching railway lines and GPS coordinates (Guan-Wei et al., 2009 Figure 1 show the positioning connected RS/3G links erator, to e ustness) and a stations). All egrated into th nter by means information t figure also ill TRA netw hitecture. The results of the tests confirmed the initial hypothesis. Therefore, TETRA technology is a good alternative to increase the coverage of the communications architecture.
In the future, efforts will focus on the integration of the TETRA network in the current communication system. To do this, we must modify both the hardware and software of the communications architecture. On the one hand, we must connect two new TETRA stations to the router that manages the communications between the train and the control center. On the other hand, we must define a scheme for selecting the right communications technology (GPRS/3G or TETRA) according to the existing coverage.
